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a b s t r a c t
The need for interdisciplinarity in agricultural and development-oriented research has become widely
recognized. In this paper a framework is suggested to integrate research methods of the social and natu-
ral sciences. It is argued that the context–mechanism–outcome conﬁguration, based on critical realism,
allows a more comprehensive understanding of all candidate mechanisms that have a social, techni-
cal or socio-technical basis, related to a particular question. Candidate mechanisms are all possible
mechanisms postulated to explain a particular phenomenon. Four research styles can be recognized
in both the social and the natural sciences. These research styles help choosing the appropriate meth-
ods to test the various candidate mechanisms related to a single research question. Combining the
context–mechanism–outcome conﬁguration with the four research styles may reduce the chances ofesearch styles
evelopment
missing out important candidate mechanisms. In this way the proposed framework may help optimize
the research set-up andmethodology of an interdisciplinary researchproject. Understandingwhichdisci-
plines and research styles to combine can also allow interdisciplinary research to gobeyond triangulation,
as it providesmore clarity about the possibilities for tightly integrating researchmethods and/or different
data sets. It is suggested that the absence of a clear methodology for interdisciplinary research holds the
advantage that it helps building bridges and developing alternative paths in science.
© 2010 Royal Netherlands Society for Agricultural Sciences. Published by Elsevier B.V. All rights reserved.. Introduction
The need for interdisciplinarity to understand the complexity of
ocio-biological systems has become recognized across sociology,
cology and biology disciplines [1–3]. As agricultural systems are a
omplex interplayof technologieswith social andbiological factors,
nterdisciplinarity may give a better understanding why improved
echnologies, improved crop varieties, mechanization, and inor-
anic fertilizers and pesticides are often not adopted by farmers
orking under suboptimal conditions, particularly in Sub-Saharan
frica. A better understanding of more suitable technologies is cru-
ial for solving problems such as eradicating poverty, improving
ood security and mitigating the effects of climate change.
Interdisciplinary approaches and methods are needed because
gricultural technologies – such as crop varieties, hoes, and sick-
es – are shaped by both natural and socio-cultural factors. Some
atural factors that shape a crop variety (particularly the diver-
ity within that variety) include, for example, breeding system
nd number of seeds per ﬂower or per panicle. Socio-cultural
∗ Tel.: +31 0317 482565.
E-mail address: edwin.nuijten@wur.nl
573-5214/$ – see front matter © 2010 Royal Netherlands Society for Agricultural Scienc
oi:10.1016/j.njas.2010.10.003practices that relate to maintaining mixtures in seed (and hence
shaping a variety) include conservation of other varieties, adap-
tation to uncertain conditions [4], prevention and tracing of theft
(M.P. Temudo, personal communication), or as protection against
witchcraft [5]. Moreover, natural and social factors often interact
in shaping a technology. For example, the tool for harvesting rice in
West Africa is shaped by plant architecture and by cultural beliefs.
Harvesting rice with a sickle leads to higher levels of mixture in the
seed than harvesting with a knife [4]. Short rice is harvested much
more easily with a sickle, but cultural beliefs determine who is
allowed to use a sickle. This example shows how natural and social
factorsmay interact in very subtlewayswithin a single technology.
This means that in order to understand how a technology
functions within a farming system we need to integrate research
methods of the natural (biological) and the social sciences in
an interdisciplinary1 fashion. The strength of interdisciplinary
research is that because a researcher integrates different disci-
plinary perspectives and methods within a single research project,
he will be able to identify the subtle interactions between natu-
ral and social factors as described above. Interdisciplinary research
means quickly and systematically shifting between various per-
spectives. An interdisciplinary approach is particularly useful to
recognize subtle nuances and differences at a local level, whereas
es. Published by Elsevier B.V. All rights reserved.
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multidisciplinary1 approach may be more suitable to describe
atterns at a more regional level. In addition, as it can be argued
hat farmers use a comprehensive perspective and language (i.e.,
oncerned with natural and social properties and mechanisms at
he same time) to understand, describe and improve their farm, an
nterdisciplinary research approach may help to better understand
armers’ motivations and actions [6]. Interdisciplinary approaches
ay identify the priorities of farmers better and therefore help the
evelopmentof technologies– ideally in collaborationwith farmers
that will be more readily adopted by farmers.
Problems related with interdisciplinary research are, amongst
ther ones, higher career risk, lower rewards and inadequate com-
unication channels [7]. Compared with disciplinary research,
nterdisciplinary research is often considered too time-consuming,
artly because few guidelines exist on doing interdisciplinary
esearch [1]. Successful interdisciplinary research depends heavily
n the willingness of researchers to be open to alternative con-
epts, deﬁnitions and languages [7,8]. A certain level of pragmatism
nd ﬂexibility is required for conducting interdisciplinary research.
hen working in a team, sufﬁcient time should be allocated for
iscussing and understanding each other’s concepts and jargon.
ne or two workshops are not enough. It may happen that only
alf way a project the researchers realize they use a certain con-
ept differently. For individual researchers this may be less of an
ssue, although it could happen that, for example, a PhD-student
ealizes at the end of his project that certain phrases are under-
tooddifferentlyby the supervisors coming fromdifferent scientiﬁc
ackgrounds.
A question not well answered yet is how research methods
f the natural and social sciences can actually be integrated in a
esearch project [9], and how this can be done in a scientiﬁcally
igorous way. Answering this question is important to enable more
cientists to engage in interdisciplinary research, and to facilitate
ommunication of the results during conferences and through the
ublishing of interdisciplinary research papers. This paper aims to
rovide someguidelines for linking researchmethodsof thenatural
ndsocial sciences in interdisciplinaryagricultural research.2 These
uidelines may also be useful for reﬂection. First, the existence of
arious views is described on the possibility of integrating natu-
al and social science disciplines, including the merits of grounded
heory, triangulation and system approaches. After that a frame-
ork is described to facilitate the integration of research methods
f natural and social science disciplines.
. Various views on integrating natural and social science
isciplines
The natural and social sciences are often seen as two differ-
nt worlds of practice with different paradigms and methods [9].
common perspective is that the natural sciences use quantita-
ive approaches and the social sciences use qualitative approaches,
hichbynature cannot be integrated [10]. The following statement
y Patton [11] reﬂects this idea:
1 Sometimes interdisciplinarity and multidisciplinarity are used interchangeably.
n this paper the following deﬁnitions are used: multidisciplinarity means combin-
ng different disciplines as subprojects in one project and integrating the data at the
nd of the project, whereas interdisciplinarity implies integrating different disci-
lines within subprojects from the start. Whereas in a multidisciplinary team each
ember remains in his or her own ﬁeld of expertise, in an interdisciplinary team
embers cross the borders and integrate research methods belonging to different
isciplines (see Klein [8]). This paper focuses on interdisciplinary approaches.
2 This articlemayalsobeuseful to scientistswhoare interested in linkingdifferent
ethodswithin the natural or social sciences. The emphasis on the linking of natural
nd social sciences is because of a supposed boundary that makes crossing very
ifﬁcult.f Life Sciences 57 (2011) 197–205
In short, the Verstehen approach assumes that the social sciences
need methods different from those used in agricultural experimen-
tation and natural sciences because human beings are different
from plants [10].
The underlying idea is that quantitative research methods
used by natural scientists would be objective, whereas qualitative
research methods (such as participant observation and in-depth
interviews with key stakeholders) used by social scientists are sub-
jective in nature [12]. But it was only in the 1970s and 1980s that
the belief developed that quantitative and qualitative methods are
intrinsically linked to two different paradigms [13]. Many qualita-
tive researchers believed that using numbers means believing in
a single objective reality [14]. A common response by quantita-
tive researchers to uncomfortable qualitative results is that these
results are anecdotes and, hence, can be dismissed. The idea that
natural and social sciences cannot be integrated does not die eas-
ily because discussions on interdisciplinary research run in parallel
in the social and natural sciences and are scarcely connected [2].
The little interaction that exists between the social3 and natural
sciences is because of boundaries being maintained through differ-
ences in concepts, jargon, social networks and literature [2]. Other
boundaries are institutional culture and related disincentives to
stimulate interdisciplinary research [12,15].
However, the idea that the natural and social sciences cannot be
integrated is based on prejudice rather than on facts [9]. The nat-
ural and social sciences, and quantitative and qualitative methods,
are not tightly linked to paradigms and epistemological prefer-
ences [9,14,16]. As to agriculture broadly two dominant scientiﬁc
paradigms can be identiﬁed [17,18]. The paradigm related to con-
ventional agriculture is related to the world view that science can
solve all problems, using a top–down and reductionist approach
rooted in experimental biology. The other paradigm, related to sus-
tainable agriculture, is related to a world view that problems need
to be solved at community level using a broad range of approaches,
including non-reductionist and participatory approaches. Within
this paradigm the wide range of existing methods are considered
complementary to each other [17]. Instead of paradigms and dis-
ciplines acting as barriers for interdisciplinary research, the real
boundaries are actively demarcated and defended by scientiﬁc
communities, each having their own jargon and culture [12].
Although there may be differences in preferences, within
the natural and social sciences both quantitative and qualita-
tive approaches are used. For example, botany commonly uses
qualitative methods, whereas neoclassical economics and social
psychology mainly use quantitative methods. Experiments are not
the sole domain of the natural sciences and economics, but are also
used in sociology and related disciplines. For example, Humphreys
et al. [19] used an experiment in a development-oriented research
project to illustrate the signiﬁcant role of leaders in decision-
making processes. In their research on leadership effects they
ensured solid statistical analysis, based on the principles written
down by Fisher, using randomization and a large number of obser-
vations. In addition, both quantitative and qualitative research
styles use the logic of deductions and hypotheses [20,21].
Two examples illustrate that social and natural scientists may
deal with similar problems in terms of analysis. An example from
the social sciences is attempting to measure the effect of advertis-
ing on people’s behaviour. It may be possible to observe a change
in behaviour, or not, but in neither case can one rule out the pos-
3 There are different view points whether the social sciences include economics
or not. In this paper, it is recognized that economics is part of the social sciences. As
such, economics seems to be an odd one out amongst the social sciences, as it has
more interaction with the natural sciences than the other social sciences.
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diverse mechanisms of origin and the emergence of new proper-
ties that are the result of a complex interplay of various biological
and social factors across strata). Jansen [30] suggests critical realism
may be better equipped to deal with elements of power, opennessE. Nuijten / NJAS - Wageningen Jou
ibility that there is a causative effect between the advertisement
nd behavioural change, or not. Other ‘confounding’ factors may be
nvolved causing, preventing or counterbalancing change. Another
ossibility is that the changemay only take effect at a later stage. So
part from observing the behaviour, it is also important to under-
tand how people used the advertising information.
Natural scientists may encounter similar problems when, for
xample, studying the effect of fertilizer on plant behaviour in dif-
erent locations, oroverdifferent seasons. Inone location, or season,
he fertilizermay lead to increasedplant height,whereas in another
ocation, or season, no such changemaybeobserved. Thedifference
ay not necessarily be related to the fertilizer applied. In one loca-
ion, or season, the increased plant height may not be due to the
ertilizer, and in the other location, or season, where plant height
id not change, the effect of the fertilizer may have been neutral-
zed by another factor. To understand such different reactions, the
omplex interactions between the plant, the fertilizer and other
actors need to be studied.
This suggests that the types of research questions and meth-
ds of the social and the natural sciences seem not to differ much.
eilman [20] argues that pragmatism is important for combining
esearch approaches and that some researchers have better skills in
ombining different research styles and methods than others. This
rgument is appealing given the diversity existing within the qual-
tative and quantitative approaches for both the natural and social
ciences. Doing interdisciplinary research means learning a certain
ody of theory related to each discipline intended to be used in a
esearchproject. Somemaystruggleﬁndingoutwhichperspectives
o integrate.Othersmay struggle todecidewhich researchmethods
o use andhow to integrate them. Below, grounded theory, triangu-
ation and system approaches are discussed with a focus on their
erit for integrating research methods of the social and natural
ciences.
.1. Grounded theory
Grounded theory may be a useful approach because it encour-
ges developing theory in relation to a certain research problem
ased on empirical data obtained with both qualitative and quanti-
ativemethods [7,21] and to link inductivewith deductive thinking
22]. Hence, grounded theory may be suitable to facilitate the
ntegration of theoretical perspectives and research methods from
ifferent disciplines of the social and natural sciences. But how to
o this is in a way to ensure scientiﬁc rigour is not yet well elabo-
ated. Grounded theory hasmainly been used in the social sciences,
nd is still developing as a research tradition [23].
.2. Triangulation
Essentially, triangulation means using multiple research meth-
ds to answer a particular research question: the more methods,
he more solid the answer obtained. Erzberger and Prein [24]
uggest three possible outcomes of triangulation: (1) converging
esearch ﬁndings that increase validity, (2) complementing ﬁnd-
ngs that can generate a more comprehensive picture or a new
omprehension, and (3) diverging results that lead to a falsiﬁca-
ion of previous theoretical assumptions. The third outcome can
llow the initiation of new lines of thinking [16]. Triangulation
s mentioned as a concept for linking quantitative and qualitative
ethods and data sets [24,25]. It is not speciﬁcally developed for
ntegrating social and natural science research methods. Only lim-
tedguidelinesareprovided for thedesign,measurements, analysis,
nterpretation and integrationof the researchﬁndings [25]. Nogen-
ral strategy exists for triangulating different research methods
24]. A few useful, though general, guidelines are that (1) the world
hould be viewed as a whole interactive system, (2) both objectivef Life Sciences 57 (2011) 197–205 199
and subjective data are legitimate data sets, and (3) both reduction-
ist and holistic thinking need to be used in design and analysis [26].
Another guideline is that qualitative and quantitative datasets can
onlybe linked ina sensiblewaybasedon theoretical assumptionsor
hypotheses that determine the focus of the research [24]. Kopinak
[25] even goes a step further by saying that a single paradigm is
needed for research using triangulation. This may not be a prob-
lem if we agree that agricultural research is dominated by only two
paradigms (see Pretty [17] and Lyson [18]).
The most basic form of triangulation is that after conducting
literature research a list of hypotheses is formulated and qualita-
tive, observational research is conducted to reﬁne the ﬁndings of
the literature research (or vice versa) and to cross out a number
of hypotheses [24]. This is followed by a third phase of quantita-
tive research, through an experiment or a survey. A fourth phase
of qualitative research may follow in which the understanding
of the context is strengthened. The quantitative research allows
some generalization and helps to avoid bias in the interpretation
of the qualitative data, whereas the qualitative research helps to
understand the quantitative data better and to contextualize them
[16,27]. This, in fact, very much resembles the basic rules for con-
ducting ﬁeld trials: based on theory and a good description of the
reality, hypotheses are formulated for which various parameters
are measured and analysed using advanced statistics, after which
hypotheses are rejected, approved or adapted, and a new cycle of
research follows.
In some cases qualitative and quantitative data can be col-
lected simultaneously through semi-structured interviews with
closed-ended and open-ended questions [28]. Another form of tri-
angulation is answering different sub-research questions, relating
to the same research objective, using different research methods
[29]. The research cycle describedbyGiller et al. [3], inwhichdesign
is followedbydescription, explanationandexploration, is similar to
the sociologic cycle described by Mann [27], but the research cycle
described by Giller et al. [3] allows space for triangulating qualita-
tive and quantitative data collected with social and natural science
methods at the various stages of description and explanation. But
using triangulation does not necessarily imply conducting interdis-
ciplinary research if only at the endof a research cycle theoutcomes
of the various data sets are compared. Overall, the literature on tri-
angulation does not provide many guidelines for integrating social
and natural science research methods.
2.3. System approaches
An alternative interdisciplinary approach speciﬁcally for agri-
cultural research can be found in a system approach. Because of the
wholeness, also a requirement for triangulation, a systemapproach
may have a certain level of inherent interdisciplinarity. Several sys-
tem approaches oriented towards agriculture have their origin in
the biological sciences and have incorporated social science ele-
ments over the past 20 years [30]. But according to Jansen [30]
these system approaches ignore three elements essential to farm-
ing systems: power issues (inequality, gender, age, etc.), openness
(the impossibility4 to deﬁne boundaries of a farming system) and
stratiﬁcation (a farming system being the result of a complex of4 Some may argue it is possible, though very difﬁcult, to deﬁne boundaries. From
a pragmatic point of view, one may want to deﬁne boundaries, although it can be
considered impossible froma theoretical point of view, particularly given increasing
globalization.
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nderlying mechanisms.
. A framework for integrating natural and social science
isciplines
The above illustrates it is possible to combine research methods
rom the social and natural sciences. But it is not that much clear
hich research methods should be integrated to answer which
esearch questions. Similar to triangulation, the type of interdis-
iplinarity (combination of different research methods) needed is
ontext speciﬁc. Depending on the context, particular disciplines
and their methods and approaches) will be chosen and com-
ined at various levels. For each research question a researcher
eeds to reﬂect which methods are relevant to use in a research
pproach integrating social and natural science research methods.
he framework described below aims to provide some guidelines
o better understand which research methods to use. The frame-
ork consists of two elements, the context–mechanism–outcome
onﬁguration [31] and the identiﬁcation of research styles [32].
.1. Context–mechanism–outcome conﬁguration
Critical realism aims to avoid the traditional epistemologi-
al poles of positivism and relativism [31]. As such it meets the
uidelines for triangulation described by Shih [26]. Critical real-
sm distinguishes three levels of the world: the real, the actual and
he empirical [33]. The real refers to what exists, both natural and
ocial, and to the structures and powers of objects and institutions.
he actual refers to what happens if and when those powers are
ctivated. The empirical refers to the domain of experience, obser-
ations and measurements. The empirical refers to the real and the
ctual, although it is contingent whether we know the real and the
ctual [33]. This is important as it emphasizes not to take a sig-
iﬁcant association for granted as an explanation, but to look for
ess easily observable ‘hidden’ mechanisms that may offer a bet-
er explanation. A critical realist perspective allows studying all
orts of interactions between material and social elements in an
gricultural system, using a stratiﬁed perspective.5 Using a critical
ealist perspective, Pawson and Tilley [31] developed the concept
amed context–mechanism–outcome conﬁguration, in short CMO
onﬁguration. The aimof the concept is to better understandwhich
echanism given a particular context makes X to change into Y,
eading to a new outcome (a changed context). Pawson and Tilley
31] use the formula or function: regularity =mechanism+context.
nmany cases severalmechanisms are interconnected andmakeup
complex mechanism (Fig. 1): the more complex the mechanism,
he more complex the function. This rather abstract description
oes not imply a linear view. In different contexts the same mech-
5 See also Jansen [30] who comments on the hierarchical aspects of system think-
ng.f Life Sciences 57 (2011) 197–205
anism may lead to different outcomes and different mechanisms
may lead to the same outcome [34]. The CMO conﬁguration rec-
ognizes that a particular mechanism may be part of the context of
another mechanism, which facilitates the understanding of com-
plex interactions. Very importantly, the CMO conﬁguration does
notmakea fundamentaldistinctionbetweenquantitativeandqual-
itative approaches.
To ﬁnd out which mechanisms may constitute regularity, alone
or together, an essential exercise is the listing of so-called ‘can-
didate mechanisms’ (hypotheses), preferably as many as possible.
The more elaborate the list, the smaller the chance that a poten-
tial candidate mechanism is overlooked. Candidate mechanisms
are all possible mechanisms postulated to explain a particular phe-
nomenon or regularity. In the case of agricultural technologies,
some candidate mechanisms have a social character, other ones
a biological character, and yet other ones have a combined social
and biological background (complex mechanisms). For example,
the design of a hoe used for ploughing rice ﬁelds in West Africa is
shaped by natural factors (the water level in the ﬁeld and possibly
soil structure) and social factors (such as gender, culture and avail-
ability of iron). The selection of crop varieties is the result of the
matching to agro-ecological and socio-cultural factors. Integrating
insights from various natural and social sciences helps developing
complex candidate mechanisms. System approaches may also be
useful to identify complex candidate mechanisms. Technography,
as described by Richards [35] and Jansen and Vellema [36], and
developed to understand interactions between a technology and
its wider agro-ecological and socio-political context, may provide
additional candidatemechanisms. Fromthis list of candidatemech-
anisms follows which research methods are needed to test each
of these candidate mechanisms. Some candidate mechanisms may
only emerge during ﬁeldwork. Depending on the nature of such
emerging candidate mechanisms it may be possible to test them in
the same research project using the principles of grounded theory,
such as comparative analysis, achieving much diversity in relevant
categories, and comparing similarities and dissimilarities of those
categories using qualitative and quantitative methods [21].
3.2. Research styles
This section describes how the research styles from the social
and natural sciences can be integrated in a more thorough way.
3.2.1. Four research styles
Galmiche-Tejeda [6] andBellamy [32] provide amatrix integrat-
ing four basic styles of social science research. On the x-axis are
explanatory versus interpretative research methods and on the y-
axis qualitative versus quantitative researchmethods (Fig. 2). Their
model leads them to identify the following four research styles:
(A) Developing candidate mechanisms (qualitative and explana-
tory): theory building. Based on theory the most plausible
candidate mechanisms are identiﬁed.
(B) Description by observation (qualitative and interpretative):
rich and detailed description of contexts and outcomes.
Research questions are answered with qualitative interviews,
participant observations, etc. In some cases complex mecha-
nisms can be described.
(C) Statistic associations (quantitative and explanatory): experi-
ments and modelling. The focus is on using advanced statistics
for testing candidate mechanisms (hypotheses). Advanced
statistics are particularly useful for testing complex mecha-
nisms and detecting hidden mechanisms.
(D) Description by measure (quantitative and interpretative): pro-
vides general trends and patterns, contexts and outcomes.
Research questions are answered based on questionnaires and
E. Nuijten / NJAS - Wageningen Journal of Life Sciences 57 (2011) 197–205 201
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Fig. 2. Four basic style
ased on [6] and [33].
counting, using descriptive statistics, but also through the lit-
erature review of multiple case studies.
This model could be considered a further elaboration of the
hinking on triangulation by Miles and Huberman [16], who
entioned the linking of quantitative surveys with qualitative
eldwork and quantitative experiments, Erzberger and Prein [24],
ho made suggestions how to link qualitative and quantitative
esearch ﬁndings with theory, and Salomon [37], who, instead of
aking a distinction between qualitative and quantitative research
pproaches, suggested to make a distinction between studies of
ausal relations (experiments) and systemic studies of complex
nvironments.
In principle, all four research styles can be triangulated (Fig. 2).
hese groupings do not have clear boundaries: grey zones exist
etween the four styles. At ﬁrst thought there is one exception,
.e., that there is no grey zone between styles B (associated with,
.g., cultural anthropology) and C (associated with, e.g., neoclassi-
al economics), as it is difﬁcult to imagine how the qualitative and
uantitative data can be integrated into a single analysis. However,
very useful integration of styles B and C is that anthropological
A. Theoretical 
sociology, philosophy, 
evolutionary genetics, 
theoretical production 
ecology
C. economics, 
quantitative genetics, 
phenomics, functional 
genomics 
Explanatory 
nature 
Quantitativ
data 
Qualitative
data 
Fig. 3. Examples of social and natural science disciplines witcial science research.
insights (research style B) could be used to reach a better deﬁnition
and more thorough understanding of the units and variables to be
analysed using advanced statistics (research style C). An example
comes from an experiment in which male and female farmers in
two Gambian villages were asked to group rice and millet inﬂores-
cences. The comments and justiﬁcations made by farmers during
the grouping exercise were very important for understanding the
subsequent statistical analysis of the experiment [38]. Some exam-
ples of social science disciplines with a perceived bias towards one
of the four research styles are shown in Fig. 3.
The research conducted by Humphreys et al. [19], in which
the effect of leadership on the outcome of participatory deci-
sion processes was analysed statistically through the randomized
assignment of facilitators, is an example of a sociology case study
that is very suited for the use of advanced statistics (style C). The
difference between research styles C (advanced statistics) and D
(descriptive statistics) is greater than it seems. Although some-
times it may be possible to use advanced statistics on a dataset
produced with methods belonging to research style D (a kind of
hybrid C–D research method), in most cases the research methods
of research styles C and D produce datasets designed to answer dif-
B. anthropology,  
botany, cytogenics 
D. policy-oriented 
studies, quantitative 
sociology, diversity 
studies, botany 
Descriptive 
nature 
e 
 
h a perceived bias towards a particular research style.
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divide between quantitative hypothetico–deductive research and
qualitative holistic–inductive research [10], it is proposed that
research style A is linked to deduction, style D more to induction
and styles B and Cmay be both linked to abduction6 but in differentExplanatory 
nature 
Fig. 4. Four basic research styles in the
erent research questions. For example, research style D is about
uantitatively describing a farming system, market or ecosystem,
esearch style C is geared towards understanding hidden relation-
hips between various variables and testingmechanisms. Hence, in
ost cases the samplingmethodswill bedifferent: a representative
ampling method is related to research style D, whereas a purpo-
ive samplingmethod (an equal number of villages and farmers per
ariable to be studied) ismore suitablewhenusing research style C.
Certain research methods may not belong to a single research
tyle. For example, semi-structured interviews can be considered
o be a method intermediate between research styles B and D, as
hey allowsomequantiﬁcationof the collecteddata andat the same
ime provide more detailed information (see Hesse-Biber [28]). Lit-
rature review may in some cases be considered to belong to style
, for building a theoretical framework, whereas in other cases it
elongs to research style D when many case studies are compared
n order to identify patterns.
.2.2. Applying the framework to the natural sciences
The scheme can also be applied to the natural sciences. Obvi-
usly, the basic style ‘B, construction of understanding’ does not
pply to the study of plants, soil, molecules or other natural science
bjects. If replacing the phrase ‘interpretive nature’ with ‘descrip-
ive nature’ and rephrasing the basic style B into ‘description by
bservation’, which is also part of style B in the social sciences, the
cheme in Fig. 4 is applicable to the natural sciences. Note that a
atural scientist may consider the term ‘interpretation’ more like
hypothetical explanation. He may use it when the results of an
xperiment are pointing to a certain explanation but are not sufﬁ-
iently clear (not statistically signiﬁcant) to call it an explanation.
o there are some differences in jargon used by social and natural
cientists we need to be aware of, which have developed over time
ecause of limited interaction [2].
The main, very important, difference for the social and natural
ciences in respect to research style B is that the social sciences
tudy people, including their relationships with technology and
he environment, whereas the natural sciences study predomi-
antly study objects, plants and animals (but also physical aspects
f humans). Thismeans that the interactionbetween the researcher
nd the researched (persons or objects) is fundamentally different
etween the natural and social sciences. In the case of social science
esearch a so-called double hermeneutics develops. A researcher
ries to understand the world of the people he studies and the
eople being studied try to understand their world, including
he researcher (and possibly modify their behaviour towards the
esearcher if deemednecessary). But in natural science there is onlyDescriptive 
nature 
al and social sciences, and humanities.
a single hermeneutics – objects, plants and most animals do not try
to understand their world. It is also suggested that human societies
are more dynamic than agro-ecological systems. And that it is eas-
ier to replicate an observation based study of an ecological system
than of a social group. However, the dynamics of an ecological sys-
tem should not be underestimated. Some examples of disciplines
with a perceived bias towards a particular research style are shown
in Fig. 3.
3.2.3. Incorporating the humanities into the framework
The scheme in Fig. 4 can also be applied for integrating social sci-
ences with the humanities, or integrating both natural and social
scienceswithhumanities. Atﬁrst glance the focusof thehumanities
seems to be more on the qualitative research styles, possibly with
an emphasis on theoretical issues (philosophy, law, etc.). But also
in the humanities all four research styles are represented. A clear
example of style C is glottochronology, which is an approach in lin-
guistics that aims to understand relationships between languages,
using advanced statistics in a similar way as in quantitative genet-
ics. Another example is that of history, which often uses literature
research (style D).
3.2.4. Linking research styles to the CMO conﬁguration
The research styles can be linked with the CMO conﬁguration
as follows. Research style A is primarily about developing candi-
date mechanisms, research styles B and D are about describing the
context, possible candidate outcomes and testing candidate mech-
anisms. Research style C can be mainly used for testing candidate
mechanisms. In some cases research style C can also be used for
testingcandidateoutcomes. This concurswithMiles andHuberman
[16], who suggested that qualitative and quantitative approaches
can be used for descriptive, exploratory, inductive purposes and
for explanatory, hypothesis-testing purposes. Heilman [20] also
argued that both qualitative and quantitative research styles use
the logic of deduction and hypothesis.
All four research styles can be used to (in)validate candidate
mechanisms, albeit in different ways. Following the supposed6 Abduction is often treatedas a special caseof induction. It is generally considered
an inference to the best explanation. It comes in two forms: it can be assessed in
terms of probability (relating to style C), and by logically evaluating the available
qualitative information (relating to style B).
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ays. Good abductions in style B depend on the skills and knowl-
dgeof the researcher being able todrawgeneral conclusions based
n qualitative data collected in a few case studies. Good abductions
n style C are based on probabilities and inherent uncertainties in
ombination with the skills of a researcher to interpret such statis-
ics. If indeed research styles B and C both produce abductions, but
erived in different ways and based on different skills, this may
artly explain the tension between researchers using these styles.
Qualitative approaches (style B) are open to new information,
nd to theory generation, whereas style C tends to emphasize the-
ry and hypothesis testing [28]. A disadvantage of research style C
s that the research area and scope need to be clearly demarcated.
t allows less ﬂexibility during data collection than research style
. It is common for style B to deﬁne new categories, variables, and
ypotheses during the course of the research. Realizing these dif-
erences is very important as they are probably at the heart of the
ension between styles B andC. Integrating these two styles implies
continuous tension during the research. The new exciting cate-
ories deﬁned using research style B may not be analysed using
dvanced statistics (style C) because earlier collected quantitative
aterial (both socio-economic and molecular data) may not allow
he testing of new questions and hypotheses in relation to these
ew categories. One may say that each research style runs at its
wn speed. Recognizing this difference may be very important to
nderstand and to combat the prejudice scientists have about the
apbetween thenatural and social sciences. An additional explana-
ion for the tension between the two styles could be a difference in
mentalmodels’ of twocommunities of researchers, in that style C is
riented towards variables and correlations, and style B to persons,
vents and related processes [14].
But this does not necessarily mean that, at least in the context of
griculture (see Pretty [17]), research styles B and C are associated
ith different research questions, paradigms, and thus inherent in
ifferentworld views, as suggested by Salomon [37]. For example, a
tudy on farmer management of rice diversity by Nuijten et al. [39],
escribed below in greater detail, integrated research styles B andC
ithin the context of one paradigm. Amongst other, research style
was used to trace the origin of a new rice type and research style C
as used to describe its genetic relationship with the existing rice
pecies. In cases where there may be differences in paradigms, it is
lso feasible, as Heilman [20] suggested, ﬁnding a middle ground
sing pragmatism. In such a case, negotiating a middle ground may
ead to the discovery of new research methods, a new theoretical
erspective, and perhaps a shift in paradigm.
.3. Applying the framework to interdisciplinary research
The advantage of combining research styles is not only trian-
ulation (see [6] and [32]) for the purpose of increasing validity, a
ore comprehensive understanding or to ﬁnd discrepancies, but
lso using the different styles to understand better which methods
re needed to test different candidatemechanisms relating to a sin-
le research question in the context of an interdisciplinary project.
ig. 4 facilitates a better understanding of how the various research
ethods used in interdisciplinary research relate to each other, and
hat their strengths andweaknesses are in terms of interpretation,
xplanation, and representativeness. This may facilitate the devel-
pment of interdisciplinary methods combining the strengths of
he various styles. Fig. 4 may also be applied to reﬂect which styles
re being used in a research project, and what interdisciplinary
ethods integrating social and natural science research methods
ay need to be developed.
An interdisciplinary ﬁeld that has been combining social and
atural science research methods for a long time is ethnobotany,
hich is a combination of anthropology and botany, both having
esearch style B in common. Integration of researchmethods in thisf Life Sciences 57 (2011) 197–205 203
ﬁeld may be relatively simple because of the qualitative and inter-
pretative aspects of both anthropology and botany. Depending on
thenatureof thedata inanethnobotanic research, the social science
and biological science data sets may be even integrated into a sin-
gle data set. Integrating natural and social sciences using the same
research style is relatively easy. Integrating different styles is the
big challenge, in particular integrating styles B, C and D, assuming
that style A is an intrinsic element of the research. Interdisciplinary
research using different research styleswill yield different data sets
that usually cannot be integrated. In that case each research style
(and data set) can be used to answer speciﬁc sub-questions or the
methods can be integrated into a single method. In both cases the
research approach is strengthened.
An example of the integration of research methods belonging
to different styles of the social and natural sciences is the integra-
tion of interviews (style B) on the use and origin of rice varieties
with a molecular analysis (style C) of the rice varieties collected in
farmer ﬁelds in West Africa by Nuijten et al. [39]. The units of anal-
ysis (rice varieties) for the molecular analysis were deﬁned based
on farmers’ descriptions of the morphology of the rice varieties. An
advantage of this approach is that there is a clearer understanding
of which plants a particular rice variety consists of. This is impor-
tant because it allowed us to include for a particular variety only
those plants that ﬁtted farmers’ descriptions. Even though farm-
ers say they grow a particular variety in a particular ﬁeld, mixtures
of rice varieties from two rice species (Oryza sativa and O. glaber-
rima) are common in many ﬁelds in West Africa. Together with the
descriptions, farmers were asked questions about the origin and
use of these varieties. This integrated approach led to the identiﬁ-
cation of a new type of rice varieties intermediate betweenO. sativa
and O. glaberrima, and a better understanding of how natural and
cultural selection pressures may have shaped this new rice type,
which also provided some insights into the domestication of rice
in West Africa. A disciplinary approach would probably not have
led to these ﬁndings. It may also be argued that these insights were
obtained because scientiﬁc and farmer knowledgewere integrated.
In some types of research, the use of advanced statistics is just
not feasible or very limited, irrespective of the kind of discipline
(whether in the natural or social sciences or in the humanities). In
that case a researcher needs to be pragmatic and to use research
styles B, A and/or D. An example is a study on consistency in variety
naming of rice and millet in The Gambia [40], for which samples
of inﬂorescences of varieties were collected during a survey on
farmer management of crop varieties (both research style D). Com-
paring the morphological features with the names of the varieties
showed a clear difference between villages in consistency in vari-
ety naming for rice. In-depth interviews with farmers, agricultural
researchers and NGO workers provided the information to under-
stand the underlying mechanism explaining these differences in
naming consistency.
3.4. Two steps to help identify the most appropriate research
methods
Ideally, all four styles are integrated in a research project.
For some interdisciplinary research projects only three, some-
times only two styles may be used integrating methods from the
social and natural sciences. To know which research methods
and styles to integrate, a researcher will formulate (sub) research
questions, candidate mechanisms (hypotheses) and candidate out-
comes and contexts, following the CMO conﬁguration described
by Pawson and Tilley [31]. This is the ﬁrst step. Technography
[35,36], to understand interactions between a technology and its
wider agro-ecological and socio-political context, may provide
additional entry points to develop a comprehensive list of can-
didate mechanisms, outcomes and contexts. The next phase is to
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uild an integrated theory using insights from different disciplines
o discard those candidate mechanisms and outcomes that can be
alsiﬁed based on existing literature. The literature search may also
ield other candidate mechanisms and outcomes. In most cases
he researcher will go through several cycles of formulating candi-
ate mechanisms and outcomes, reading literature (and possibly
ome exploratory research) and discarding the most implausi-
le candidate mechanisms and outcomes. During the course of
his process the researcher, together with his co-researchers, may
ave also integrated different languages and concepts belonging
o different disciplines into a single framework. When this initial
terative process is completed, the researcherwill have a set of can-
idate mechanisms and outcomes to be tested during the actual
esearch.
The second step is choosing the appropriate research styles and
ethods for testing the identiﬁed candidate mechanisms. If only
neor two research styles are identiﬁed the researchermaywant to
eﬂect whether any candidate mechanisms were overlooked. This
pplies in particular to development-oriented research. As such the
esearch styles are helpful in reﬂecting on the candidate mecha-
isms and the research methods to be used. If it is impossible to
se advanced statistics (style C) to test a candidate mechanism,
n interdisciplinary study may consist of only research styles A, B
nd D, but using research methods from both biological and social
ciences. If one would want to know how people living in a trop-
cal rainforest use biodiversity in comparison with people living
n a desert, it seems farfetched to use research style C. Instead,
ne can ﬁrst conduct interviews and participant observation (style
) after which biodiversity surveys are done to measure diversity
sed and total diversity in the forest (both styles D). It may also be
ossible to include style C in the testing of one candidate mecha-
ism (for example on testing genetic distances between varieties
r languages) but not for another candidate mechanism (on peo-
les’ concepts and believes, or describing the essential differences
etween related plant species). In case a researcher may be able to
se different research methods to test a candidate mechanism, he
ay opt to choose methods that belong to different research styles
or stronger triangulation. It seems plausible to assume that the
ore diverse the research methods, and the more diverse the sci-
ntiﬁc disciplines (fromboth the social and biological sciences), the
igger the chances of an increased validity of the research results, a
ore comprehensive or an advanced understanding, or diverging
esults that may lead to falsiﬁcation of earlier theoretical assump-
ions.
The validation of complex mechanisms often results from the
utcome of the testing of the biological and sociological mecha-
isms that together form a complex mechanism. In agricultural
esearch, technology often plays a central role and usually all
esearch styles are needed to test complex mechanisms. Research
tyle C may be applied to better understand the material aspects of
echnology and research style B may be used to better understand
he social aspects of a technology. To test complex mechanisms
t is important that all aspects of those complex mechanisms are
overed using the various research styles. It should be emphasized
hat no research style is better than another, and that qualitative
nd quantitative data are equally important. Which data to collect
rst, the experimental or interview data, depends on the research
uestion and the nature of the complex candidate mechanisms. To
ptimize the usefulness of a laboratory analysis of seeds, soil and
ther materials, it is better to collect these materials after inter-
iews with farmers. But if the laboratory analyses are done as early
s possible, these resultsmay be used to optimize those interviews.
or every project, a researcher needs to decide which parts of the
esearch should be done ﬁrst to be able to feed the results into the
ther parts of the research, or whether they can be done simulta-
eously and a two-way feedback may be possible.f Life Sciences 57 (2011) 197–205
3.5. Development-oriented research
When conducting development-oriented research, it is impor-
tant to integrate farmers’ perspectives on possible candidate
mechanisms. The whole set of candidate mechanisms could then
be tested using participatory experiments and various types of
interviews. The experiment could be based on a farmer design (for
example three crop varieties sown next to each other) using sin-
gle replications in several farmer ﬁelds in the same village and
still be analysed using advanced statistics. Mutsaers et al. [41]
show various examples of such designs that can be analysed with
advanced statistics.Mother-and-baby trial is another experimental
approach in which an experiment is set up together with farm-
ers [42]. The mother trial is set up accordingly to be tested with
advanced statistics (research style C). For example, the treatments
consist of various combinations of fertilizer application rates, crop
varieties and different levels of labour input. The baby trials are
set up in farmer ﬁelds using single replications and testing a few
treatments per farmer ﬁeld. A sufﬁcient number of baby trials allow
using advanced statistics for the testing of the results obtained in
farmer ﬁelds. At the same time the baby trials are used for quali-
tative comparisons by and with farmers. This approach facilitates
a tight integration of research styles B and C. It also helps bridging
the gap between farmer and scientist experimentation [43]. Partic-
ipatory experiments (such as Participatory Varietal Selection and
Participatory Plant Breeding) have demonstrated such potential
[44]. Such experiments can also be used as entry points to dis-
cuss more contextual issues (which would be usually addressed
through research style B). As was mentioned by Galmiche-Tejeda
[6], interdisciplinary approachesmayhelp to understand the ‘inter-
disciplinary’ language of the farmers better. A technology tested
in the ﬁeld and grounded in the local context allows an in-depth
understanding of the mechanisms, context and potential outcomes
[45].
4. Conclusions
Because of the complex nature of agricultural systems, cer-
tain kinds of agricultural research (particularly those with
development-oriented research questions) need to integrate
research methods of the social and natural sciences. The identiﬁ-
cation of four research styles that exist in both the natural and the
social sciences helps to understand how to integrate these ﬁelds
of knowledge within a single research project. In combination with
theCMOconﬁguration, it helps tounderstandwhich research styles
may be lacking in an interdisciplinary research project. It may also
reduce the misunderstanding that exists between the natural and
the social sciences. At present, the natural science disciplines in
agricultural research may not take enough notice of the ‘real world
out there’ and overlook the need of research style B. At the same
time, the ﬁelds of anthropology and development studies tend to
overlook the importance of research style C, needed to understand
hidden mechanisms. We should also realize that the dominant
research styleswithindisciplinesmaychangeover time. It is impor-
tant to emphasize that no single research style is intrinsically better
than another. In principle, all research styles and methods from the
natural and social sciences can be integrated within one research
project.
What research styles to use depends on the speciﬁcities of
a question. This means there is no precooked methodology for
interdisciplinary research. Every time researchers start an inter-
disciplinary project they need to think what research styles and
methods are necessary to answer their questions. At this stage it
is not possible to develop a methodology that is useful for inter-
disciplinary agricultural research that is neither too general nor
too speciﬁc at the same time. As more interdisciplinary research
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s conducted over time, ideas may develop about how to order
he various types of interdisciplinary research (basically chang-
ng them into disciplinary research such as plant breeding, which
an be considered an integration of agronomy, crop physiology,
enetics, soil science, phytopathology and other sciences) and to
nderstand whether doing that is useful or counter-productive.
ne of the strengths of interdisciplinary research may be that it
akes researchers realize that for each research question a speciﬁc
heoretical framework needs to built, linking different theoretical
erspectives as deemed necessary. Every time a speciﬁc method-
logy needs to be designed, and every time a researcher needs to
ecide which methods to include, and possibly which new meth-
ds to develop. In that way, interdisciplinary research may help
timulate creativity in scientiﬁc research, build bridges anddevelop
lternative paths in science.
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